The structures of the A^-linked oligosaccharides of momordin-a, which is a ribosome-inactivating protein from the seeds of Momovdicacharantia, were analyzed. First, the TV-linked oligosaccharides of this glycoprotein were liberated by hydrazinolysis. After N-acetylation, the reducing ends of the oligosaccharides were coupled with 2-aminopyridine and the pyridylamino (PA-) derivatives were purified by gel filtration and high performance liquid chromatography (HPLC) on an ODS-silica column. Three kinds of oligosaccharide fractions were separated by HPLC. The structure of each oligosaccharide isolated was analyzed by a combination of sugar component analysis, exoglycosidase digestion, another kind of HPLCusing an amide-silica column, and 500-MHz *H NMRspectroscopy. Thestructures of two mainoligosaccharides wereestablished to be:
X yl/J2M anj54GlcNAcj54GlcNAc
These two oligosaccharides were the first examples having xylose (or fucose) but no a-mannosyl linkage among the TV-linked oligosaccharides of glycoproteins from both animal and plant origins.
Momordin-a, which inactivates 60S ribo- Preparation ofpyridylamino derivatives from momordina. The sugar chains were released by hydrazinolysis (100°C, 10 hr) from momordin-a (lOO mg). Pyridylamination of the sugar chains and separation of each pyridylaminated sugar chain were done essentially by the method ofHase et al.8'9) Separation of PA-sugar chains was done by HPLC on JASCO 880-PU HPLC apparatus equipped with JASCO 821-FP Intelligent Spectrofluorometer, using a Cosmosil 5C18-P column or a Finepak SIL NH2-5 column. On the Cosmosil 5C18-P column, the PA-sugar chains were separated by increasing the content of 1-butanol to 0.25% in 1.0m ammoniumacetate buffer, pH 4.0, at a flow rate of 1.5 ml/min. In the case of size-fractionation HPLCusing the Finepak SIL NH2-5 column, the PA-sugar chain was eluted by increasing the water content in water-acetonitrile from 32% to 41% linearly at a flow rate of 1.0ml/min. Carbohydrate analysis. Carbohydrate composition was analyzed by gas chromatography as the trimethylsilyl derivatives by the method described previously.10) The procedure involves the release of monosaccharide as the methylglycosides by treating the dried samples (lOnmol) with 1.5n methanolic HC1 for 2hr at 100°C. The methanolyzate was then reacetylated by adding equal volumes of acetic anhydride and anhydrous pyridine and standing at room temperature for 6 hr. After acetylation, the reaction mixture wasevaporated to dryness under N2 gas stream. Then, 50 fA of trimethylsilyl reagent (Tri-SIL) was added. After removal ofTri-SIL in vacuo, the residue was dissolved in 50 /A of«-pentane. Samples of 1-2 /A were analyzed by gas chromatography using a OV-1 capillary column (0.25 mmx 500 cm). A linear temperature program of 4°C/min from 110°C to 250°C was used with nitrogen as a carrier gas on Hitachi G-3000gas chromatograph with flame ionization detector.
Glycosidase digestion. a-Mannosidase digestion was done under the same conditions using lOOpmol of the PA-oligosaccharide as described previously.4'9)
The reaction was stopped by boiling the mixtures for 2min and part of the digest was analyzed by reversed-phase HPLC and size-fractionation HPLC.
Nuclear magnetic resonance spectroscopy.^-NMR spectra were recorded on a Varian VXR-500Instrument
at 25°C and 65°C as described previously.4'7'9) Samples (150-200nmol) was treated repeatedly with deuterium oxide (0.5ml) at room temperature, with intermediate lyophylization.
Finally, the samples were dissolved in 99.96% D2O (0.8ml). Coding of sugar residues used in this paper is as follows:
Results Isolation and Identification of PA-oligosaccharides from momordin-a Pyridylamino derivatives of oligosaccharides were purified by gel filtration on a Bio-Gel P-4 column (data not shown) and reversed-phase HPLC. As shown in Fig. 1A , three PAoligosaccharide peaks (oligosaccharide-1, -2, and -3) were obtained. These oligosaccharides were further examined for homogeneity by size-fractionation HPLCusing a Finepak SIL NH2-5 column (Fig. IB) . These oligosaccharides were all homogeneousnot only an ODS (Table I ). Elution positions of oligosaccharide- 1 corresponded to those ofMFX, derived from M3FXby a-mannosidase digestion, on both reverse-phase HPLC and size-fractionation HPLC (Fig. 1A, B) . The structural reporter group regions of the spectrum of oligosaccharide-1 are presented in Fig. 2A Fromthese results, the structure of oligosaccharide-1 is proposed to be MFXas shown in Table III . The signal, a ( Fig. 2A ), has been assigned to H-2 of GlcNAc-1 adjacent to the PA-group. 8)
Structure of oligosaccharide-2
Oligosaccharide-2 was only 6.9% of total oligosaccharides from momordin-a. The carbohydrate composition of this oligosaccharide was Man2 0Xyl0 6FuCi 3GlcNAc0 7PA-GlcNAc06 (Table II) . The elution positions of oligosaccharide-2 corresponded to those of M2FXon both reversed-phase HPLCand sizefractionation HPLC.Due to the small amount of this oligosaccharide, we could not use XH-NMR.However, digestion of oligosaccharide-2 by a-mannosidase caused a new peak to appear at the elution position of oligosaccharide-1 (MFX) on both reversed-phase HPLC and size-fractionation HPLC (Fig. 3 ).
In the previous report,9'11} it was confirmed that the PA-oligosaccharide containing a ND, not detected. fucosyl residue bound to GlcNAc-1 in al->6
linkage was eluted later than the PAoligosaccharide containing the residue bound to GlcNAc-1 in al->3 linkage on the Cosmosi] 5C-18 column. Therefore, if oligosaccharide-2 had an al->6 fucosyl linkage, the a-mannosidase digest should have been eluted later than the authentic MFX.These results suggest that oligosaccharide-2 has the same structure oi M2FX as shown in Table III. Structure of oligosaccharide-3 was 18.6% of total oligosaccharides.
The carbohydrate composition of this oligosaccharide was Man1<0-Xylo.8GlcNAco.7PA-GlcNAco.7.
The elutior positions of oligosaccharide-3 corresponded tc those of MX, derived from M4Xby amannosidase digestion, on both reverse-phase HPLCand size-fractionation HPLC (Fig. 1A.  B) . Relevant NMRparameters are listed in Table II (Fig. 2B) , might be H-2 ofGlcNAc-1, corresponding to the signal, a (Fig. 2-A) , on the spectrum of oligosaccharide-1. This up field shift is also indicative the lack of fucose linked to GlcNAc-1. And other chemical shifts of structural reporter groups (H-l of Man-3, and H-2 of Man-3) agreed well with each other, indicating that these two oligosaccharides have the samestructure except for the presence and absence ofa fucosyl residue. Fromthese results, the structure of oligosaccharide-3 is proposed to be MX, as shown in Table III .
Discussion
In this study, the structures of three oligosaccharides prepared from momordin-a were analyzed. One of these structures, M2FX
(oligosaccharide-2), was found in the oligosaccharides from stem bromelain as the first example containing xylosyl and fucosyl residues.12) However, the other two structures, MFX (oligosaccharide- 1) and MX (oligosaccharide-3), are the smallest TV-linked oligosaccharide containing xylose (or fucose) but no a-mannosyl linkage among the oligosaccharides from the animal and plant glycoproteins. These three structures seemto deviate from the putative processing pathways6'13) of Nlinked oligosaccharide of plant glycoproteins.
In a putative processing pathway, Manal-* 6(Xyl/?l -*2)Man£l^4GlcNAc£l ->4(Fucal -> 3)GlcNAc-Asn could not be derived by the processing enzymes, since GlcNAc/?l-åº 2Manal^6(Manal -+3)Man£l -+4GlcNAc£l 4GlcNAc-Asn or Manal^6(GlcNAc£l -+ 2Manal^3)ManjSl ->4GlcNAc£l ->4Glc-NAc-Asn would be formed directly from Manal^6(Manal ->3)(Xylj81 ->2)Man£l -» 4GlcNAc£l ->4(Fucal^3)GlcNAc-Asn before an al^3 mannosyl residue would be hydrolyzed by an a-mannosidase.6) However, it has been reported that some GlcNAcresidues bound to the non-reducing ends of Manal ->6 
